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We are witnessing a range of issues happening on a global scale, including those related to the environment 
and energy, biological resources, disaster control, and infectious diseases. To overcome these problems, 
both developed and developing countries need to have the ability to make appropriate responses 
independently, for which international cooperation is an essential precondition.  
Based on this recognition, the Japanese government launched the program named “Science and Technology 
Research Partnership for Sustainable Development (SATREPS)” in fiscal 2008. Under the program, 
research organizations in Japan and developing countries jointly conduct international research for the 
solution of global issues, and this is intended to help developing countries to enhance their abilities to solve 
problems. Under this program, which is now in its 11th year, a total of 133 projects have been adopted for 
implementation across the world. 
The “Development and Adoption of Latin American Low-input Rice Production System through Genetic 
Improvement and Advanced Field-management Technologies” project was adopted in fiscal 2013 as the 
first SATREPS project to be implemented in Colombia. The project was launched on a full scale in May 
2014 for cooperation over five years. Participants in this project include the University of Tokyo, Kyushu 
University, the International Center for Tropical Agriculture (CIAT), the Colombian Ministry of Agriculture 
and Rural Development, the National Federation of Rice Growers of Colombia (FEDEARROZ), and 
various other Japanese and Colombian organizations. These participants have been developing low-input 
rice production technologies and new rice varieties in their continued research for more efficient use of 
limited water resources and fertilizers. 
Rice production in Colombia is faced with multiple problems, including low water-use efficiency, decreased 
production due to droughts, high production costs, and an increase in the amount of cheap rice imported 
from the United States following the implementation of the FTA between the two countries. I hope that the 
project will make even a little progress on these issues through the development of low-input rice production 
technologies and new rice varieties that require less fertilizers and water as well as through the introduction 
of precision agriculture. 
The government of Colombia finally put an end to the fight against the revolutionary armed forces of 
Colombia (FARC), which had lasted for more than half a century. The biggest challenge to be met to ensure 
post-conflict peace is regional development. It is said that regional disparity is one of the causal factors of 
the armed conflict, and in order to keep the peace, it is necessary to reduce the disparity. The conflict 
displaced about eight million people within the country, but following the conclusion of the peace accord, 
these internally displaced people are gradually returning to their agricultural villages. It is deemed important 
to give them support in terms of agricultural technologies. 
Finally, I expect that the project will make some contributions to the solution of the post-conflict issues and 
that the related Colombian organizations will proactively implement measures for sustainable rural 
development by using the technologies transferred to them. 
   March 2019  Japan International Cooperation Agency (Bogota) 
       Head   Satoshi Murosawa  
 
 
Dr. Joe Tohme  
Project manager, Agrobiodiversity research area director, CIAT 
 
The SATREP project assembled highly complementary teams from Japan and Colombia. The activities 
developed during the project build on previous collaboration between Japanese Researchers, CIAT and 
Fedearroz and on research related to root architecture, physiological genomics and novel strategy for 
precision agriculture by integrating genetics work, phenomics with water management and agronomical 
practices. 
Some of the major advances are related to the mapping and genetics characterization of root architecture 
carried at NARO and the University of Tokyo. The genes and QTL mapped allowed researchers from 
Fedarroz and CIAT to transfer 7 major QTL (DRO1, 2, 3 among others) into highly preferred varieties in 
Colombia for their grain quality with better utilization efficiency for water and nutrient. The lines obtained 
from the molecular backcrossing resulted with novel lines with Increases in deeper roots, deep roots rate 
and max root length> the promising lines will be either released as new varieties or enter the breeding 
programs of CIAT and Fedearroz and constitute the basis for future varieties ensuring the continuation of 
the project. 
To increase the precision of the phenological characterization, novel phenomic tools and crop modeling 
were also implemented. The project incorporated novel sensors from PS Solutions and targeted imagery 
resulting in better assessments of the traits for selections. 
The unique approach of integrating genetics, with technologies for precision agriculture, crop modeling 
and water and nutrient management has resulted in better lines for several traits. Such comprehensive 
package will no doubt help farmers to establish stable and competitive rice production systems in Colombia 
and eventually in the Andean region. 
 
 
Dr. Fernando Correa Victoria  
Rice program Leader, CIAT 
 
Rice production systems needs to change in many ways from just to produce rice to produce it in a 
sustainable manner all over the world, taking into account, not only more productivity, but protecting the 
environment. This SATREPS Project has developed in the last five years different technologies from 
genetics through soil/water management to technology transfer to have a sustainable rice production system 
for Latin America. Novel genes conferring more efficiency in the use of water and nitrogen were discovered 
and incorporated into commercial rice varieties which are being tested under technologies developed in this 
project to be more efficient in the management of water and nitrogen. I think that the experimental results 
so far are very promising and we wait for the validation of the results under multi-environment trials to 
demonstrate to the rice farmers in Colombia all the benefits of this technology. The future perspectives for 
the Colombian rice farmer are significant to be able to continue producing rice in a more sustainable manner 
as farmers continue adopting the technologies from the soil and water management results as well as the 









Dr. Rafael Hernández Lopez 
Director General, FEDEARROZ 
 
Due to the effects of climate change and the agreements of free trade agreements, the rice sector must be 
competitive and sustainable, which is achieved through the development of technologies and tools that 
modify and improve the way rice is grown in the country. The project has allowed new technologies, 
equipment, methodologies and knowledge to make that change, materials with features that confer a better 
adaptation to drought conditions, crop management decision-making tools, monitoring, and management 
systems, water resource and precision agriculture tools. These technologies will be integrated into our 
AMTEC (Massive Adoption of Technology) program, which has been implemented in the country for six 
years, and whose objective is to make our farmers competitive through the adoption of technology, 
increasing productivity and reducing production costs. As a transfer program, the integration of the project's 
products will allow access, adoption and improvement in decision making and cultivation practices by 
farmers in the country, so that in five years when there is no tariff recording, productivity and the costs of 
rice production in the country will compete with international prices, in such a way that our producers can 
ensure the supply of rice in our country, and their permanence. 
 
Dra. Myriam Patricia Guzman,  
Technical Sub-Director, FEDEARROZ 
 
The technologies developed in the project will allow us to be more efficient in the use of resources, in 
decision making and in a better adaptation to climate change conditions achieving greater sustainability. 
The technology associated with the selection of the lines (SAM, phenotyping platform) will be integrated 
into the breeding program, besides the new populations with longer roots will serve as parental and varieties 
adapted to water deficit conditions, together with efficiency in the use of nitrogen fertilizers. The decision 
support system will allow for fit planning, variety selection and crop season based on the condition of water, 
soil and climate. At the level of water resource management, there will be monitoring methods at the farm 
level and irrigation systems (MIRI, early detention) that will improve resource management and efficiency 
in time and volume, and hydrological model that will allow establishing planting areas based on water 
availability scenarios. As well as maps and satellite images integrated into soil differentiated preparation 
and adaptation, to the identification and differentiation of environments. All these technologies lead to 
competitive farmers and an environmentally sustainable farming system. 
 
 
Dr. Eduardo Graterol 
Executive Director, FLAR 
 
Rice is a product of the basic food basket in Colombia and of other countries in Latin America and in the 
Caribbean (LAC). Through FLAR, crop and germplasm management practices have been expanded, which 
has allowed to release more than 70 varieties in 15 countries. However, factors such as climatic 
abnormalities, soil degradation, lack of irrigation water, incidence of pests, among others, cause low yields 
and high production costs that put at risk the sustainability of rice and food security. Thus, the research and 
transfer of technologies generated by the organizations of Japan and Colombia involved in the SATREPS 
project, offer small farmers in Colombia through FEDEARROZ, and other LAC countries through FLAR, 
solutions to produce more rice with less inputs and less environmental impact, required by the rice sector in 




Dr. Jorge Rubiano 
Professor, UniValle 
 
Being part of the SATREPS project gave us the opportunity to learn a lot. During the five years of the 
project, we had the possibility of building friendship and working relationships with all types of people and 
from different institutions. Besides contributing with our knowledge in information systems and 
hydrological analysis in watersheds, we were able to interact with experts in crop management, irrigation, 
and reservoirs, genetics and data management among other specialties. It was an opportunity to work as a 
team and to get closer to the rice producers in Tolima, Colombia and be more aware and sensitive to their 
challenges and difficulties. We approach Japanese culture, which shines for respect, discipline and good 




Participated rice producer 
Nicolas Laserna 
 
I am very thankful with JICA and all its collaborators, and with Fedearroz and its technicians, for giving 
me the opportunity to participate in the SATREPS program. 
During these five years of the program, I have expanded my knowledge about rice management, I was 
able to learn about many technological tools to be used in our crop, I have seen that we must measure the 
quantity of water and optimize its management, and that we must improve the fertilizer management and 
reduce its consumption, and we can also give added value at the farm level in small scale to improve our 
income. 
Within the program, the genetic improvement when crossing local materials with the KP variety has 
generated great expectation, such activities should produce rice lines that require less water and supplies. 
Personally the fact of having visited Japan and to meet farmers and experts who have shared their experience 
and knowledge in a very generous way, has broadened my vision as a farmer, I hope to apply and share 
most of what I have learned so that Colombian rice growers can compete with Imported rice and contribute 
to guarantee the permanence of Colombian rice. 
Besides the knowledge acquired in the production and transformation of rice, having known a culture so 
different from ours, where respect for others, for the environment, for the rules, for the authority, and the 
love for the countryside, are taught from the earliest stages of life, guaranteeing harmony for the society. 
 
 
Participated rice producer 
Félix Andrés Arango Castro 
 
First, I want to thank everyone involved in this project. I believe that for the future of rice in Colombia, 
SATREPS is important because it has helped us to be more efficient with the resources we have.  In 
addition, it introduced MIRI, a new irrigation system with savings of approximately 30%, reduction of 
nitrogen in 20% and varieties with a greater root development, which will help us to be more efficient, even 
with water and fertilizers. This project has also helped us with the study of the latest technology for possible 
sites to build reservoirs, something essential for the future of agriculture. As a farmer, I hope to continue 







Dr. Manabu Ishitani 
Lieder of project in Colombia, CIAT 
 
This project was an ambitious project including research activities of breeding, crop management, water 
conservation and furthermore integration and dissemination of these improved cultivation techniques at the 
farm level. In each research subject Japanese experts participated and carried out high-quality R & D with 
Colombian side researchers. In breeding, several promising lines were generated by introducing root QTLs 
with the theme of “root revolution” while developing remote sensing technologies for efficient crop 
phenotyping. To develop efficient crop/fertilizer management technologies, a crop model is being tested 
and improved at the actual target sites. Especially in tropical regions with rainy and dry seasons, water 
management influences productivity. Not only the field viewpoint but also our efforts at the basin level will 
give better guidelines for water management in the future. Furthermore, integration and dissemination of 
these developed and improved technologies at the farm level are on the way from the perspective of 
precision agriculture. A noteworthy point of this project was that rice farmers from both countries 
participated as project member to stimulate discussion on technologies and farm-house management as they 
are major driver for rice farming. Lastly I would like to thank both Japanese and Colombian governments 
and collaborating institutions, especially Fedearroz, for supporting this project. 
 
 
Technical Guide - Useful outputs of the project for the producers, extension staff and researchers 
Dr. Kensuke Okada 
Lieder of project in Japan, the University of Tokyo 
 
It is my great pleasure that we can present this Technical Guide to the rice producers, technical extension 
staff and researchers engaging in rice sector. This is the fruit of the 5 year’s hard work and creative ideas of 
all the collaborators of SATREPS project. I hope this Technical Guide will be actively referenced and 
utilized so that evidence-based better management will be employed and as a result resource-efficient rice 
production systems will be realized in Colombia as well as in other rice-producing countries in the region. 
Although rice has become important crop world-wide nowadays, the rice producing technologies in 
Colombia and in Latin America have some different features compared with other regions (eg. contour-
levee irrigation system). And new rice varieties with deeper-roots and field management technologies 
developed in this project are to some extent linked to the unique rice systems in the region. Thus I believe 
new findings and developed technologies contribute to the academic and scientific arena, too. The readers 
are strongly encouraged to contact the authors of each technology if they are interested and would like to 
try it.  
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Background, Purposes and Research Plan 
“Development and Adoption of Latin American Low-Input Rice Production System through 
Genetic Improvement and Advanced Field-Management Technologies” 
 
Rice is produced in less efficient irrigation systems in many areas in tropical Latin America, and the 
efficiency of water and fertilizer utilization is generally low compared to that of Asia. Weed control is also 
problematic due to the heterogeneity of water depths, which further aggravates the excessive use of 
herbicides and the decline in productivity. Through this project we utilize deep-rooting genes to develop 
new Colombian rice varieties that can attain higher yield with lower inputs of water and nutrients. We also 
adopt precision agriculture approaches with state-of-the-art sensing technologies, and thus address the 
challenge of developing and adopting new low-input technologies for Latin American rice production. 
Efforts in Colombia can contribute to global food security 
Progress in the research conducted by this project can boost rice production in Colombia, with the country 
potentially attaining self-sufficiency in rice. It may lead to a higher employment rate and the steady 
growth of local agricultural communities, and enable in-country refugees to return to their villages. If 
other Latin American countries, and perhaps even African countries, were to adopt these new rice 
cultivars and low-input technologies, the research would contribute to food security on a global scale. 
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Major activities and schedule 
 




2014 2015 2016 2017 2018 
1. Breeding of promising lines 
with higher productivity and 
utilization efficiencies of water 
and nitrogen through pyramiding 
QTLs (NARO*, U Tokyo, CIAT, 
FEDEARROZ) 
1-1 Identify genes for root traits 
associated to higher water- 
and nitrogen-use efficiencies 
and develop DNA markers for 
marker-assisted selection 
(MAS) of these target genes 
1-2 Develop near-isogenic lines 
and QTL pyramiding lines by 
MAS 
1-3 Evaluate the target traits in 
experimental fields 
1-4 Evaluation under multiple 
environments 
1-5 Multiply seeds from the 
breeding lines 
 
      
2 Efficient Crop and Fertilizer 
Management at the Target Sites" 
(U Tokyo and FEDEARROZ) 
2-1. Select and improve rice 
growth/management model 
2-2. Develop optimized 
crop/fertilizer management 
technologies 
      
3 Development of water-efficient 
rice production technologies with 
new trait rice genotypes, and water 
balance evaluation and 
management at watershed scale " 
(U Tokyo, Kyushu U, Tokyo U of 
Agr. Tech., FEDEARROZ, 
UniValle) 
3-1 Assessment of environmental 
adaptation of rice and 
development of water-saving 
cultivation technology at field 
level 
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3-2 Quantitative assessment of 
water-saving at basin and 
regional scale 
4. Integration of the improved 
technologies at farm level and the 
technology transfer " (Tokyo U 
Agr. Tech., Kyushu U, 
FEDEARROZ, FLAR)  
4-1. Introduce precision 
agriculture at community level 
4-2. Horizontal transfer of low-
input rice cultivation 
technologies 
4-3. Transfer of integrated 
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1. Marker-assisted breeding using genes related to root traits for developing 
Colombian rice with high yield performance under low input conditions  
Subtheme: 1. Development of new varieties with high utilization efficiency for water and nutrient by gene 
pyramiding using root QTLs 
Research group :  NARO (National Agriculture and Food Research Organization) :  
  Yusaku Uga, Yuka Kitomi 
 FEDEARROZ : Natalia Espinosa, Nelson Amezquita 
 CIAT : Manabu Ishitani, Satoshi Ogawa, Michael Gomez, Milton Valencia 
Contact :  yuga@affrc.go.jp,    gawao59@yahoo.co.jp,    m.ishitani@cgiar.org, 
nataliaespinosa@fedearroz.com.co 
Key words : rice breeding, marker assisted selection (MAS), root trait 
Target: breeders and rice researchers 
 
[Background, purpose] 
To achieve a sustainable rice production in Latin America, improvement of utilization efficiency of 
resources (water and fertilizers) is required. The SATREPS project is planned to develop and implement 
resource-efficient rice production techniques suitable for Colombian rice production environment. This 
project is consist of 4 sub-groups; breeding, soil management, water management, and technology extension. 
From breeding approach, we improve water and nitrogen use efficiencies of Colombian commercial rice 
varieties through the introgression of 7 promising quantitative trait loci (QTLs) for root traits (Fig. 1). 
 
[Content and characteristics of output] 
1. Available DNA markers for marker-assisted selection (MAS)  
With genotyping by sequencing (GBS) and whole genome sequencing (WGS) data, we designed 338 single 
nucleotide polymorphism (SNP) markers. After validation using parents’ DNA: Fedearroz 60, CT21375, 
Fedearroz 174, Fedearroz 473 and Kinandang Patong (KP), we selected 288 SNP markers available for 
marker assisted selection (Fig. 1). In this set, 29 SNP markers are for target QTLs and 259 SNP markers for 
background selection. Furthermore, we standardized 12 polymorphic SSRs for QTL regions. 
2. Marker assisted breeding strategy 
We first made F1 progenies of Fedearroz 60 x KP and CT21375 x KP. Then we advanced backcrossing with 
each recipient line (Fedearroz 60 and CT21375) and selfing to make BC3F5 in four years. In BC3F2 
generation, we assessed around 1000 lines by genotyping using MAS and phenotyping under field 
conditions.  
3. Individual selection procedure 
We selected lines with QTL regions showing higher grain weight per plant than their recipient varieties. We 
obtained nine BC3F5 lines from two crosses (five from Fedearroz 60/KP and four from CT21375/KP) with 
at least one QTL and more than 90% of homozygous to original variety for genetic background. 
4. Phenotyping results under different environmental conditions 
BC3F4 lines from CT21375/KP cross tended to show from 3 to 12% higher yield than the recipient varieties 
under 0% nitrogen conditions in Palmira (Fig. 2). Root observation by trench method showed that breeding 
BC3F5 lines trended to show increased root length, root volume and deeper roots (Fig. 3). Most of the lines 
are expected to possess good milling and cooking qualities for Colombian market. 
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5. Relevant traits of some breeding lines we developed 
ST603_180_9P (Recipient variety: Fedearroz 60) 
 Possessing root QTL: DRO1 [deeper rooting] 
 More number of total roots 
 High yield potential in normal conditions  
 Good milling and excellent cooking qualities 
ST603_188_1S (Recipient variety: Fedearroz 60)   
 Possessing root QTL(s): DRO2 [deeper rooting], (qFSR4 [root volume]) 
 Increasing in deep roots rate 
 High yield potential in normal conditions 
 Good milling and cooking qualities 
ST202_90_14S (Recipient variety: CT21375)  
 Possessing root QTLs: DRO3 [deeper rooting], DRO1 [deeper rooting] 
 Increasing in deeper roots, deep roots rate and maximum root length 
 High yield potential in normal and 0% nitrogen conditions 













[How is this output utilized, necessary precaution] 
1. The breeding lines (BC3F5 bulk of nine lines) will be assessed in the multi-environmental trial with 5 
localities (Saldaña, Aipe, Monteria, Ibague and Palmira) to establish the stability in yield and to check 
the responses of selected lines in different environmental conditions (Fig. 4). After this trial, we should 
have another evaluation, National Trial, with more environments. If we obtain lines with high yield 
stability under several environments, we can begin process of variety registration with Colombian 
Agricultural Institute (ICA). 
2. The outstanding lines we obtained could also be integrated into rice breeding programs (Fedearroz and 
CIAT) as parental lines to develop new populations with root traits into indica background. 
3. Molecular markers for MAS should be continued to support the selection of lines from new crosses for 
developing new varieties with improved root traits in rice breeding programs. 
4. Precautions are needed to carefully handle the seed both in experimental fields and postharvest areas to 
prevent loss and/or mislabel of the seeds. 
  
ST603_188_1S FEDEARROZ 60 ST603_180_9P ST202_90_14S CT 21375 
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Average 100% N Average 0% N
qRL6.1, root length  
(Obara et al. TAG 2010) 
qFSR4, root volume  
(Ding et al. TAG 2011) 
DRO1, root growth angle  
(Uga et al. Nature Genet. 2013a) 
DRO2, root growth angle 
 (Uga et al. Sci. Rep. 2013b) 
DRO3, root growth angle 
 (Uga et al. Rice 2015) 
QRO1, QRO2, maximal root length  
(Kitomi et al. G3 2018) 
Fig. 1.  Distribution of polymorphic SNPs markers between Fedearroz 60 and KP in rice genome 
Fig. 3. Root phenotypes of BC3F5 Fedearroz 60/KP and CT21375/KP lines under upland conditions 
 











[Publications and oral/poster presentations] 
1. Kitomi Y., Itoh J., Uga Y. (2018) Genetic mechanisms involved in the formation of root system 
architecture. In Rice Genomics, Genetics and Breeding (eds. T. Sasaki, M. Ashikari): 241-274 (Springer 
Nature, Singapore) 
2. Kitomi Y., Nakao E., Kawai S., Kanno N., Ando T., Fukuoka S., Irie K., Uga Y. (2018) Fine mapping of 
QUICK ROOTING 1 and 2, quantitative trait loci increasing root length in rice. G3-Genes Genomes 
Genetics 8: 727-735. doi:10.1534/g3.117.300147. 
3. Uga Y. (2018) Molecular breeding of root system architecture improves rice yield performance under 
deficiencies of water and nitrogen. XIII International Rice Conference for Latin America and The 
Caribbean. Piura, Peru, May 16. 
4. Espinosa N., Ogawa S., Amezquita N., Valencia M., Recio M., Kitomi Y., Selvaraj G., Ishitani M., Tohme 
J., Uga Y. (2018) Rapid marker-assisted breeding using root QTLs for developing Colombian rice with 
high yield performance under low input conditions. Oral #246, Meeting of Crop Science Society of Japan. 
Sapporo, Japan. September 5-6. 
5. Espinosa N., Ogawa S., Amezquita N., González E., Valencia MO., Recio ME., Kitomi Y., Selvaraj MG., 
Ishitani M., Tohme J., Uga Y. (2018) Mejoramiento de arroz por introgresión de QTLs de raíz a través 
de selección asistida por marcadores SAM para aumentar el rendimiento bajo condiciones de bajo uso de 
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2. Development of rapid high-throughput field phenotyping systems to accelerate 
rice breeding  
 
Subtheme : 1-3. Evaluate the target traits in experimental fields 
Research group:  University of Tokyo: Kenji Omasa, Yo Shimizu, Fumiki Hosoi, Hiroki Naito, Kohei 
Shimojima, Hiroki Mohri, Poching Teng, Xingtong Lu 
CIAT: Satoshi Ogawa, Milton Orlando Valencia, Alba Lucia Chavez,  
Manabu Ishitani, Michael Gomez Selvaraj 
Contact:   aomasa@mail.ecc.u-tokyo.ac.jp,   m.ishitani@cgiar.org 
Key words:  growth analysis, image analysis, phenotyping, rice plant, remote sensing, UAV 
Target : breeders, researchers on agronomy and crop physiology 
[Background, purpose] 
Plant breeders need advanced phenotyping platforms to identify best genetic variation in a large number of 
lines by characterizing genotype x environment interactions. Usually, traditional phenotyping 
methodologies are expensive, labor-intensive and invasive. Remote Sensing based High-Throughput Field 
Phenotyping (RSHTFP) systems are the potential ways to increase phenotyping efficiency and to predict 
complex traits as a plants growth, grain yield and stress adaptation. Through SATREPS project, we have 
established remote sensing platforms to estimate rice growth and development using different systems 
namely Tower-based Field Phenotyping (TFP) and UAV (Unmanned Aerial Vehicle) based Field 
Phenotyping (UAVFP) systems. These systems were used for monitoring agronomic and yield related traits 
in rice through vegetation and thermal indices (VIs) under different nitrogen and water treatments. 
 
[Content and characteristics of output] 
1. Remote Sensing based High-Throughput Field Phenotyping (RSHTFP) systems were established 
through the SATREPS project. These systems consist of Tower-based Field Phenotyping (TFP) and 
UAV (Unmanned Aerial Vehicle) based Field Phenotyping (UAVFP) systems with color, multiband 
and thermal cameras.  
2. By using TFP system, we found high correlation between several VIs (simple ratio (SR), normalized 
difference vegetation index (NDVI), transformed vegetation index (TVI), corrected transformed 
vegetation index (CTVI), soil-adjusted vegetation index (SAVI) and modified soil-adjusted vegetation 
index (MSAVI)) and multiple yield traits (panicle number, grain yield and shoot biomass) under 0Kg N 
application. SR was the best VI to estimate grain weight (R2 = 0.80).  
3. By using UAVFP system under water stress conditions, the typical color index a* also had close linear 
relationships (the coefficient of determination R2> 0.50) with multiple yield related traits (grain yield 
and grain filling rate). Following RGB and NIR image analysis of several phenological stages of rice, 
the flowering was the most useful stage in the estimation of yield performance under several field 
conditions.   
4. In order to promptly evaluate the traits and improve the accuracy, we have been constructing a rapid 
phenotype evaluation system using Phenotower and UAV.  Data acquisition and analysis of various 
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images were carried out. We also developed human resources for the operation of rapid phenotype 
investigation system. Furthermore, by analyzing using breeding materials possessed by CIAT and 
NARO, several vegetation indices and color indices useful for trait evaluation were specified, and it is 
expected to be utilized for selection of new lines and diagnosis of growth.  
[How is this output utilized, necessary precaution] 
1. The TFP system has the advantages of simplicity, ease and stability in terms of introduction, 
maintenance and continual operation.  
2. The UAVFP system has the benefit of easy transportation, large area coverage and image capturing 
from variety of altitudes and locations. 
3. These developed systems and detected VIs in our study can be a major opportunity for rice breeders and 
physiologists to select high yield potential lines at early growth stages, especially before flowering, for 
breeding acceleration. However, necessary adaptation should be employed for different varieties, 
growing environments, conditions and image acquisition methods to obtain high quality of yield 
prediction.  
 
[Supporting data for the research output] 
 
Fig.1 Remote Sensing based High-Throughput Field Phenotyping (RSHTFP) systems established through 
the SATREPS project. These systems consist of Tower-based Field Phenotyping (TFP) and UAV 
(Unmanned Aerial Vehicle) based Field Phenotyping (UAVFP) systems with color, multiband and 
thermal cameras.   
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Fig. 3. Flowchart of image processing for calculating VIs, and spatial and temporal variation in 
Simple Ratio (SR) and yield related traits at harvest in the 2012 experiment original images 
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Fig. 4. UAV (Unmanned Aerial Vehicle) based Field Phenotyping (UAVFP) systems under upland 
conditions 
 
[Publications and oral/poster presentations] 
1. Urano Y, Ishitani M, and Omasa K. (2015). Field monitoring system using Internet, In Closed Ecosystem 
and Eco-Engineering. (ed, by Omasa K, et. al.) pp.392-398, Adthree Co. & Maruzen Co. 
2. Omasa, K, (2015). Plant functional remote sensing and the applications to plant diagnosis and phenomics 
researches. In Closed Ecosystem and Eco-Engineering. (ed, by Omasa K, et. al.)  pp. 354-366, Adthree Co. 
& Maruzen Co. 
3. Omasa K. (2016). Remote sensing plant functioning and the development for phenomics researches. Trends 
in the Sciences. 21(2):72-76. 
4. Omasa K. (2018). Treasure every encounter-While remembering, looking back on my past life as researcher. 
Climate in Biosphere. 18:29-38 
5. Naito H, Ogawa S, Valencia MO, Mohri H, Urano Y, Hosoi F, Shimizu Y, Chavez, AL, Ishitani M, Selvaraj 
MG and Omasa K. (2017). Estimating rice yield related traits and quantitative trait loci analysis under different 
nitrogen treatments using a simple tower-based field phenotyping system with modified single-lens reflex 
cameras. ISPRS Journal of Photogrammetry and Remote Sensing 125: 50-62. 
6. Shimojima K, Ogawa S, Naito H, Valencia MO, Shimizu Y, Hosoi F, Uga Y, Ishitani M, Selvaraj MG and 
Omasa, K. (2017). Comparison Between Rice Plant Traits and Color Indices Calculated from UAV Remote 
Sensing Images. Eco-Engineering. 29(1):11-16 
7. Valencia MO, Ogawa S, Shimojima K, Naito H, Mohri H, Urano Y, Shimizu Y, Hosoi F, Chavez AL, Uga 
Y, Ishitani M, Selvaraj MG, Omasa K. (2018). Comparison between Plant Traits in Rice and Vegetative 
Indices Calculated from Remote Sensing Images XIII International Rice Conference for Latin America and 
the Caribbean, Piura, Peru, May 15 – 18, 2018 (Poster presentation) 
8. Valencia MO, Ogawa S, Naito H, Shimojima K, Mohri H, Selvaraj M, Urano Y, Shimizu Y, Hosoi F, Lucia 
A, Uga Y, Ishitani M, Omasa K. (2018). Development of low-cost high-throughput field phenotyping 
platform (HTFPPs) for rice growth monitoring. The 246th Meeting of the Crop Science Society of Japan. 
September 5-6, 2018, Hokkaido University, Sapporo (Oral presentation)  
  12 
 
3. Real-time growth stage prediction using field environmental information from 
Agricultural IoT platform  
Subtheme : 1. Evaluate the target traits in experimental fields 
Research group:  The University of Tokyo: Satoshi Ogawa 
CIAT: Manabu Ishitani, Michael Gomez Servaraj, Milton Orlando Valencia  
FEDEARROZ: Natalia Espinosa, Nelson Amezquita 
Contact:   s.ogawa@cgiar.org   m.ishitani@cgiar.org  
Key words:  Internet of Thing (IoT), growth stage prediction, artificial Interagency (AI) 
Target: extension staff and producers 
[Background, purpose] 
Sensor network and cloud environment used by "e-kakashi" empowers to share the cultivation techniques 
and knowledges through collection, cloud-based analysis and visualization of environmental information 
and crop development status. These technologies will contribute to the establishment of sustainable 
agriculture in Colombia aiming at improving efficiency and quality in rice farming, and at raising 
international competitiveness of agricultural products.  
[Content and characteristics of output] 
1. Prediction of flowering period in two Colombian varieties (FEDEARROZ60 and CT21375) was 
successful with real-time using CIAT climatic and phenological dataset (Fig. 1). 
2. The “e-kakashi” verification study could estimate growing stages, especially heading and flowering 
time within 2 days of error approximately in two Colombian rice varieties in real-time. 
3. Phenotyping platform with IoT technology was established in CIAT for efficient trait evaluation for 
the purpose of resource efficiencies and speed-up of breeding of new varieties (Fig. 2). 
[How is this output utilized, necessary pre-caution] 
1. Verification test to farmer extension should be continued for the following aspects: Developing new 
sensors and control devices for various environmental measurements, increasing measurement point with 
different environments to support cultivation with higher precision, improving communication system in 
distance and coverage area, and realizing verification tests at farmer’s level. 
2. Output of SATREPS project should be validated and applied for the use of rice farmers. This effort 
should be continued even after the project. For the details of the output, please refer to output and update 
of these projects (https://ciatshare.ciat.cgiar.org/sites/satreps_rice/publication/) 
A bilateral cooperation project between Government of Colombia and the Ministry of Internal Affairs and 
Communication in Japan, “Demonstrative Research on Agricultural IoT platforms towards Creation of the 
Colombian Agricultural Information Platform”, started in 2018 and will continue for several years. 
Equipment produced in Japan (e-kakashi), which can collect environmental information and plant growth 
data at the field, is utilized and collected information and data will be analyzed. The results of analysis can 
be used for agricultural decision making and risk hedge on crop management. 
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Another project “Application of Internet of Things (IoT) with Artificial Intelligence (AI) for agriculture” 
supported by the Multilateral Investment Fund (MIF) of IDB (Inter-American Development Bank) also 
started in 2019.  
[Supporting data for the research output] 
 
Fig. 1. Verification tests at CIAT field and its outputs  
 
Fig. 2. Established phenotyping platform with IoT technology 
[Publications and oral/poster presentations] 
1. Ogawa S., Togami T, Yamamoto K, Yamaguchi N, Ishitani M. (2018) Real-time growth stage 
prediction using field environmental information from Agricultural IoT platform. XIII International Rice 
Conference for Latin America and the Caribbean, Piura, Peru, May 15 – 18, 2018 (poster presentation) 
2. Ogawa S., and Ishitani M. (2019) 8-5. Trends and case studies of Smart Agriculture in Central and 
South America (Colombia as an example). Memorial Publication on the Thirty’s Anniversary of Japanese 
Society of Agricultural Informatics. “New Smart Agriculture” Agriculture and Forestry Statistics 
Publishing Inc. , Tokyo, 2019.5 (planned date of publishing)     
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4. Root and yield assessment of rice genotypes under multiple environments with 
different water availability 
Subtheme 1-4 : Evaluation under multiple environments 
Research group :  University of Tokyo :  Akihiko Kamoshita, Vivek Deshmukh  
FEDEARROZ :  Nelson Amezquita 
Contact :  akamoshita@anesc.u-tokyo.ac.jp,   nelsonamezquita@fedearroz.com.co 
Key words :  deep rooting, raised bed, WinRhizo, screening system, water-saving management 
Target : breeder, agronomist 
[Background and purpose] 
Assessment of rice genotypes (whether existing cultivars or new breeding lines) under multiple 
environmental conditions is a needed step for both breeding and agronomy purposes for deciding 
characteristics of traits well adapted to the target environments. “Multiple environmental conditions” must 
be under field experiments, whether on-farm or on-station. The “on-farm” test uses multiple locations (e.g., 
upper and lower paddies in the alluvial fan in Ibague) within a target municipality and/or across multiple 
municipalities (e.g., Ibague, Saldana and others), which enables the evaluation of location by genotype 
interaction, as a necessary step of new varietal development and selection of recommended varieties at each 
municipality. On the other hand “on-station” test uses environments with different levels of specific 
components of environmental conditions (e.g., nitrogen application rate, irrigation water supply) to detect 
specific response of genotypes. We here present 2 experiments of testing genotypes under multiple 
environmental conditions. Experiment 1 is the analysis of 7 genotypes (mostly Colombian varieties) across 
3 irrigation frequencies in 2 locations in 2 seasons (in total 12 environments). Experiment 2 is the analysis 
of 10 genotypes (including 9 new breeding lines incorporated with deep rooting traits) across 3 water 
managements in 2 seasons (in total 6 environments). Root length and growing direction were analyzed by 
depth profile sampling and root basket method, respectively. 
 
[Content and characteristics of output] 
1. Root System Assessment I consists of depth profile sampling by liner core sampler, dividing cores 
to different depth, several processing of root washing and cleaning, and image analysis by 
WinRhizo software for root length, and root weight measurement (Fig.1, see also manual SATREPS 
2019a). 
2. Root System Assessment II uses root basket method for analyzing root growth direction. Percentage 
of root numbers growing vertically can be quantified (using 45 degrees to separate “shallower” and 
“deeper” root direction) (Fig.1).  
3. Since deeper root system is expected to enhance the production when surface soil moisture is limited, 
a new field-based root screening plot called “raised bed” system was constructed by mounting top 
soil on 5 cm gravel layer to create less-moist conditions in surface soil (Fig. 1, see also manual 
SATREPS 2019b). Root length and weight by depth were analyzed in this “raised bed” system, 
together with 2 different water treatments in ordinary fields by using 9 new breeding lines (e.g., Fig. 
2).  
4. In Experiment 1, grain yield of 7 genotypes (including 5 Colombian varieties, 1 Latin American 
promising breeding line, IR64 (a reference Asian lowland variety)) was assessed under 12 different 
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environments consisted of 3 different irrigation frequencies (frequent (W1), less frequent by half 
(W2), much less frequent by one-third (W3)), 2 locations (Laguna station in Saldana, a farmer field 
in Ibague), and 2 years (dry season 2015, wet season 2016). Genotypic variation as well as genotype 
by environment interaction for grain yield were significant: in particular, genotype by location 
interaction and genotype by location by year interaction were highest (Table 1). Genotype by water 
interaction was negligible. 
5. In Experiment 2 grain yield of 9 new breeding lines together with FEDEARROZ60 was assessed 
under 6 different environments consisting of 3 different water management (standing water depth 
of more than 5 cm (deep water), that of less than 5 cm (shallow water), aerobic raised bed), and 2 
years (wet season 2017/18, dry season 2018). Measured volumetric soil water content was 34, 29 
and 27% in average, respectively (data analysis in progress). 
[How is this output utilized, necessary precaution] 
1. Field based root assessment platform was established, consisting of raised bed, root basket, and 
liner core sampler. Total roots and root profile were improved in the lines in which target root QTLs 
were introgressed. However, coefficient of variation (CV) of root length was large (30% and 54% 
in 0-30 cm depth and 20-30 cm depth) in 4 replicated samples. More replications (>4) and skillful 
sampling and processing techniques should be utilized to detect significant genotypic difference in 
root system. 
2. FEDEARROZ174 and FEDEARROZ473 showed stable and higher yield across all 12 
environments (Fig. 3) while FEDEARROZ67 yielded higher in Saldana and FEDEARROZ60 
performed relatively better in Ibague. These results confirmed the empirical understanding of the 
varietal characters.  
3. Phenotypes of roots and yield improvement under target environments should be analyzed from the 













Fig. 1. Schematic diagram of a new field-based root screening plot called “raised bed system” in 
Experiment 2 where 5 cm gravel layer prevents capillary rise of water from sub-soil and creates less moist 
top soil layer (termed as “aerobic raised bed” water management). Root assessment devices (root basket 
and liner core sampler) and profile of raised bed by trench are also shown. 






Table 1. Combined analysis of variance across three water managements with different frequencies, two 













Genotype (G) *** *** *** *** * *** 
Water (W) *** *** * *** *** NS 
Location (L) *** *** ** *** *** *** 
Year (Y) + NS *** *** *** *** 
G × W NS NS NS NS NS NS 
G × L *** *** *** *** *** NS 
G × Y * ** ** *** NS NS 
L × W NS *** * ** *** NS 
L × Y + NS *** NS *** *** 
W × Y NS ** ** *** *** + 
G × W × L NS NS NS * NS NS 
G × W × Y NS NS NS NS NS NS 
G × L × Y *** NS *** *** NS NS 
L × W × Y + NS *** *** *** NS 
G × L × W × Y NS + NS NS NS NS 
Significance level NS- non-significant +- significant at the P<0.10 level, *- significant at the P≤0.05 level, **- 
significant at the P≤0.01 level, ***- significant at the P≤0.001 level. 
Fig. 2. Total root weight from 0-30 cm depth (g m-2) in deep water (> 5 cm) and shallow water (< 5 cm) 
treatments in dry season 2018 in Experiment 2. The bars in the figure indicate standard deviation. (NS : 
non-significant, ** : significant at the P≤0.01 level). 
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Fig. 3. Finlay–Wilkinson regression curves for analysis of genotype × environment interactions for grain 
yield (g m−2) for FEDEARROZ60, FEDEARROZ174, FEDEARROZ473, CT21375, FEDEARROZ67, 
FEDEARROZ733 and IR64 across 12 environments (Ib and Sal stand for Ibague and Saldana locations, 
DS and WS stand for years (dry and wet seasons, respectively), and W1, W2 and W3 stand for water 






Fig. 4. Diagram of effects of target root QTLs on root 
phenotype in target environments. Roots could improve 
constitutive growth and adaptation to stress and may finally 
improve yield. Off-target QTLs could also affect growth, 




[Publications and oral/poster presentations] 
 
1. Deshmukh, V., Kamoshita, A., Amezquita, N. (2018). Evaluation of QTL pyramiding rice breeding 
lines for root system under different water management environments in Colombia. 246th meeting of 
the Crop Science Society of Japan, Hokkaido University, Faculty of Agriculture, Sapporo, Japan, 
September 5-6. 
2. SATREPS (2019a). User manual for liner core sampler and WinRhizo for root analysis.  
3. SATREPS (2019b). User manual for construction of raised beds for evaluation of deeper root traits 
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5 Nitrogen and water saving under on-station experimental conditions 
Subtheme : No. 3-1 Assessment of environmental adaptation of rice and development of water-saving 
cultivation technology at field level 
Research group : University of Tokyo 
  Akihiko Kamoshita, Vivek Deshmukh, Lorena Lopez-Galvis  
 FEDEARROZ 
  Dario Pineda, Nelson Amezquita, Gabriel Garces  
Contact :   akamoshita@anesc.u-tokyo.ac.jp,   dariopineda@fedearroz.com.co 
Key words :  water-saving, over N fertilization  
 
[Background, purpose] 
In Colombia, where rice is mostly produced by mechanized dry drill seeding without puddling with high 
input of inorganic nitrogen (N) fertilizers of as many as 5 splits application without organic input, 
quantitative information for designing strategy for the savings of N fertilizer and irrigation water input are 
scarcely found. Two seasons on-station field experiments were conducted in Saldana to quantify the 
possible reduction levels of N fertilizer and irrigation water input compared with their conventional levels 
for clarification of yield formation of drill-seeded rice (FEDEARROZ60 variety) on zero-level field 
without puddling in both dry (2015) and wet (2016) seasons (Photo 1). The magnitude of yield reduction 
under the N fertilizer level of 140 kgN ha-1 (N140; -22% and -36% lower levels than the conventional 
levels during wet and dry seasons, respectively) was quantified compared with 180 kgN ha-1 (N180; 
conventional level during wet season) and 220 kgN ha-1 (N220; conventional level during dry season) by 5 
splits application but also by 3 splits application after basal organic amendment (i.e., Gaikashi) in case of 
the 180 kgN ha-1 level (N180O3). The magnitude of yield reduction under 2 different lengthened irrigation 
intervals (small lengthened and small water-saving (W2), large lengthened and large water-saving (W3)) 
was also quantified compared with the conventional irrigation management with around 3 days of the 
interval (W1).  
[Content and characteristics of output] 
1. Reduced N application rate from 220 kgN ha-1 to 140 kgN ha-1 (saving of 36% N) did not reduce yield 
in both dry and wet seasons (Fig. 1) due to increased N use efficiency in spite of slightly reduced total 
N weight (Table 1). Three split application of 180 kgN ha-1 with basal organic amendment instead of 5 
splits turned out comparable total N weight and yield (Table 1, Fig. 1)  
2. Rice took up approximately 40% higher amount of N in wet season 2016 than dry season 2015 due to 
higher N recovery in wet season (Table 1). Within each season, total N weight had no interaction 
between N fertilizer treatment and irrigation water management.  
3. Saving of total water input (irrigation + rainfall) was accompanied by yield reduction in dry season 
(W2 and W3 in 2015) but small water saving (ca. 30%) without yield penalty was attained in wet 
season (W2 in 2016). The total water inputs by flowering time to maintain highest yield were 
approximately 1000 mm and 600 mm in dry season and wet season, respectively (Fig. 2). The 
corresponding values by maturity were approximately 1500 mm (dry season) and 1000 mm (wet 
season), respectively. The on-station zero-level field water productivity was higher in wet season 
(0.61 kg m-3) than dry season (0.43 kg m-3) and in wet season, it increased by 45% from 0.51 kg m-3 
(W1) to 0.74 kg m-3 (W2).  
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4. The irrigation water input was estimated every 10 minutes (Q10; m
3) from the measured water depth 
(d; m) by a pressure sensor fixed at the partial flume for each water management; 
Q10 =1.84＊(0.4-0.2＊d)＊d
1.5 ＊600 
The water depth was measured manually several times for calibration. Length of each irrigation 
incidence was also measured.  
 
[How is this output utilized, necessary precaution] 
1. The values of total N weight in plant and N fertilizer responses (Table 1, Fig. 1) were all evaluated in 
the leveled on-station experiment at Laguna station, Saldana without puddling. Farmers, agronomists, 
extension officers, policy makers, and fertilizer companies should be aware of N fertilizer use 
efficiencies can be much more improved theoretically in Colombia, as have been shown in this study, 
as well as in other articles and in the practices in other countries. Further on-farm efforts for elevating 
N fertilizer use efficiencies would be very much recommended. 
2. The values of water input and water productivity (e.g., Fig. 2) were derived from the levelled on-
station experiment at Laguna station, Saldana (soil type as silty) without puddling. These values of 
total water supply by maturity (e.g., 1500 mm and 1000 mm for dry and wet seasons, respectively) 
would become standard values for making comparison with similar on-station experiments at other 
sites with different soil types, or with on-farm experiments either levelled or contour-levee fields in 
Colombia.  
 









Fig. 1. Grain yield (g m–2) averaged over 3 irrigation water management regimes in 2 years for 5 N 
treatments. Different alphabets indicate significant differences at the 5% level (Tukey’s test). Bars indicate 
standard error. On X axis N220 :220 kgN ha-1, N180 :180 kgN ha-1, 180O3: 180 kgN ha-1 (containing organic 
matter & N applied in 3 splits), N140 : 140 kgN ha-1 and N0 : 0 kgN ha-1.    
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Table 1. N recovery (%), total N weight (g m-2) and N use efficiency for above ground biomass (g g-1) 
averaged over 3 water management regimes and 2 years among 5 nitrogen treatments. 
*, **, ***; significant at the P≤0.05, 0.01, 0.001 levels, respectively. NS; non-significant at P<0.05. N treatments are 
explained in figure 1. 











Fig. 2. Irrigation water supply by flowering time differently limited grain yield between dry season 2015 
and wet season 2016 among 3 water treatments. Grain yield was averaged from the 4 N treatments 
excluding N0. Bars indicate standard error for grain yield.   
Factors N recovery Total N weight N use efficiency 
N treatment    
N220 46 16.3 c 122 a 
N180 56 15.8 c 127 ab 
N180O3 60 16.5 c 124 ab 
N140 54 13.5 b 140 b 
N0  - 8.0 a 177 c 
LSD N(0.05) 13 1.6 12 
Year    
2015 29 11.5 162 
2016 78 16.5 113 
LSD Y(0.05) 9 1.0 8 
N treatment (N) * *** *** 
Water (W) *** NS * 
Year (Y) *** *** *** 
N × W NS NS NS 
N × Y NS ***  NS 
W × Y *** NS *** 







y = 0.75x - 33 
(R² = 0.47)
(648 < x < 1006)
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Photo 1. View of the sampling at 90 days after emergence (i.e., flowering stage) in the on-station 
experiment at Saldana (W1 treatment during dry season in 2015). Magnitudes of savings of nitrogen 











 [Publications and oral/poster presentations] 
1. Deshmukh V., Kamoshita A., Pineda D., and Lopez-Galvis, L. (2018). Strategy for field level water 
and nitrogen saving for Colombian lowland rice production. 246th meeting of the Crop Science 
Society of Japan, Hokkaido University, Faculty of Agriculture, Sapporo, japan, September 5-6. 
2. Deshmukh, V., Lopez-Galvis, L., Pineda, D., Amezquita, N., & Kamoshita, A. (2016). El Niño 2015 
and assessment of irrigation water use for dry direct seeded rice genotypes under different nitrogen 
fertilizer application rate in Colombia. 7th International Crop Science Congress, Beijing, China, 
August 14-19.  
3. Deshmukh, V., Kamoshita, A., et al (2019). Effects of irrigation frequency and nitrogen fertilizer 
supply on dry direct seeded rice yield cultivation system in Central Colombia (in preparation). 
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6. Estimation of loss of water and nitrogen and suggested managements for 
increasing their utilization efficiency in contour-levee irrigation system of paddy 
field in Colombia 
The loss of water and nitrogen in contour-levee irrigation system of paddy field was first 
estimated in details in Colombia. The loss of water and dissolved nitrogen via runoff at the 
lowest outlet of the plot were found to be significant. Minimizing the runoff water loss 
accompanied with the individual plot irrigation from canal, proper re-irrigation timing are 
expected to reduce these loss of water and nitrogen and increase their utilization 
efficiencies. 
Subtheme: 2. Development of resource-efficient crop management and fertilization strategies at target site 
Research group :  University of Tokyo : Kensuke Okada, Lorena Lopez-Garces,  
Taro Takahashi, Mie Yamamuro, Naoya Takeda 
 FEDEARROZ : Armando Castilla, Gabriel Garces 
Contact :   akokada@mail.ecc.u-tokyo.ac.jp,   armandocastilla@fedearroz.com.co 
Key words :  ammonia volatilization, nitrogen, runoff, use efficiency, water, water table  
[Background, purpose] 
Contour-levee irrigation system is commonly utilized in in Latin America. In this system higher loss of 
water and nitrogen due to the runoff at the lowest outlet of the plot has been expected, but the degree of 
the loss and the environmental and management effect on the loss have seldom been evaluated. 
Therefore the budget and the dynamics of water and nitrogen were measured under conventional farm 
management and counter measures to reduce the loss were proposed. 
[Content and characteristics of output] 
1. Contour-levee irrigation system is a gravitational irrigation method for sloped field in which water is 
applied intermittently with several days interval at the top of the plot. The levees were prepared along 
the contour lines in the plot with around 15 cm difference in altitude to retain the water for lowland rice 
cultivation (Fig. 1). In Colombia around 70% of paddy are irrigated with this method.  
2. We set up water-flow meters (Parshall flume, Fig. 2) at inlet and outlet of each plot and estimated the 
water budget during two seasons in 2017 at farms in Ibague. In average the rainfall and irrigation was 
609 and 1930 mm, respectively. Compared with the irrigation volume of alternative wetting and drying 
system (AWD) and continuous flooding in Asia (200-1000 mm), the volume of irrigation water in 
contour-levee irrigation system was much higher (Fig. 4). 
3. Regarding the water out-flows, the runoff at plot outlet was 1008 mm, or 44% of total water input. (Fig. 
4). The downward percolation to the deeper soil layers was estimated to be 797-1090mm, and ET 
(evapotranspiration) was 532 mm. The percolation was affected by the soil texture, but the runoff was 
not. Reducing runoff loss was identified to be very important to increase the water use efficiency.  
4. Perforated tube (Fig. 5) was suggested to be used to measure the soil water table and the re-irrigation is 
recommended when the water table is lowered at 15 cm below ground. With this timing of irrigation, 
the water content of the surface soil can be maintained around field capacity, and the balance between 
growth and water-saving can be optimized.  
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5. It was found that the fertilization and dissolved N in irrigation water supplied N at 264-303 kg/ha 
(Table). Around 50% was absorbed by plants, and 20% was lost from plot through runoff. The 
reduction of water loss via runoff can save the fertilizer use by around 20% (data not shown).  
6. The loss of N via ammonia volatilization when N was applied as urea was estimated by vented chamber 
method, and it was found that ca. 5% of applied N was lost by ammonia volatilization. Irrigation 
immediately after the urea application as well as the use of nitrate fertilizer or applying urea 
accompanied with urease inhibitor (eg. agrotein) and nitrification inhibitor (eg. ENTEC) was found to 
suppress the ammonia volatilization (Castilla et al. 2018).  
7. The water conditions (soil water matrix potential and the number of days with standing water) at 
different positions along the slope was not different (data not shown). And therefore the topo-sequence 
effect was not observed for rice yield (Fig. 6).  
8. This is the first report on the water and nitrogen balance in contour-levee irrigation system, and the 
results suggested better crop management for increasing efficiencies of water and N use.  
 
[How to use these results, necessary precautions] 
1. The manuals will be prepared and uploaded at the web site of SATREPS project of FEDEARROZ.  
 
[Publications and oral/poster presentations] 
1. Okada K. and Lopez-Galvis, L. (2018) Improving resource utilization efficiency in rice production 
systems with contour-levee irrigation in Colombia. In: Kokubun and Asanuma (Eds.) Crop 
Production under Stressful Conditions. Springer Nature Singapore Pte Ltd., pp. 71-86. 
2. Takeda N., Lopez-Galvis L., Pineda D., Castilla A., Takahashi T., Fukuda S., and Okada K. (2019) 
Estimating soil water contents from field water tables for potential rice irrigation criteria under 
contour-levee irrigation systems. Environmental Control in Biology 57 (in print) 
3. Takeda N., Lopez-Galvis L., Pineda D., Castilla A., Takahashi T., Fukuda S., and Okada K. (2019). 
Evaluation of water dynamics of contour-levee irrigation system in sloped rice fields in Colombia. 
Agricultural Water Management (accepted).  
4. Castilla L.A. et al. (2018) Volatilization, leaching and nitrogen runoff according to dose, sources and 
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Fig. 3 . Schematic figure of installation method of the equipment 
 
Fig. 1. Contour-levee irrigation system at Ibague 
Fig. 4. Water balance of contour-levee system with that of alternate wetting and drying system (AWD) 
and continuous flooding (CF). (Data of SWD and CF were obtained from the literature review) 
Fig. 2. Parshall flume (left) and water level sensor (right) for 
measuring irrigation/run off and water level, respectively. 

















Fig. 6. Grain yield across toposequential positions  
Table. Budget of nitrogen in farms at Ibague (average of 
2 seasons in 2017over 3 levels of irrigation 
frequencies) 
Fig. 5. Simple perforated tube to 
measure the water table to 
decide the timing of re-
irrigation. 
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7. Optimizing water and nitrogen management in contour-levee irrigation systems 
by applying APSIM-Oryza2000 rice growth model 
A computer simulation model, APSIM-Oryza2000 was found to be successfully applied to the contour-
levee irrigation system of lowland rice. The plant parameters were adjusted to cope with the intermittent 
irrigation and repeated water-stressed conditions. Better management options to increase the water and 
nitrogen utilization efficiencies were suggested as the results of the scenario analysis.  
Subtheme : 2 Development of resource-efficient crop management and fertilization strategies at target site 
Research group :  University of Tokyo : Kensuke Okada, Naoya Takeda, Lorena Lopez-Galvis, 
Taro Takahashi, Mie Yamamuro 
FEDEARROZ : Armando Castilla, Gabriel Garces 
Contact :   akokada@mail.ecc.u-tokyo.ac.jp,   armandocastilla@fedearroz.com.co 
Key words :  crop model, APSIM, Oryza2000, scenario analysis, water/nitrogen use efficiency 
Target : rice producers, extension staff, agronomist 
[Background, purpose] 
Applying computer simulations for specific plots is a rational approach to identify the optimal crop 
management. However, crop growth model has seldom been used for contour-levee irrigation system of 
lowland rice cultivation common in Colombia, due to the expected uneven conditions of water and 
nutrients along the slope (topo-sequential effect). We evaluated the topo-sequential effects on soil 
conditions and rice yield in the real fields and tested the applicability of the crop growth model, and then 
conducted scenario analysis to identify better crop management options. 
 [Content and characteristics of output] 
1. APSIM was developed by APSRU group and has been maintained by APSIM Initiative in Australia. 
The user interface of APSIM is suitable for the beginners of the crop growth model. APSIM uses 
Oryza2000 as rice module which was developed by International Rice Research Institute (IRR) and 
widely used worldwide. APSIM-Oryza2000 can be used with free of charge (www.apsim.info). The soil 
and daily weather data are recommended to be obtained by soil analysis and from meteorological 
station, respectively. But the proxy data can also be obtained from global database such as SoilGrids 
(soilgrids.org) and NASAPower (power.larc.nasa.gov).  
2. Three commercial plots in Ibague were investigated and it was found that soil water conditions and rice 
yield were not significantly different along the slope (see previous component of this Guide). And 
therefore APSIM-Oryza can be used in a regular way assuming flat plots.   
3. The predicted grain yield was close to the observed value in the field (Fig. 1). The relative root mean 
square error (RRMSE) between simulated and observed values were 11-24%. This RRMSE was not 
small, but could be accepted under the commercial field conditions where the yield variability was 
around 20%.  
4. We conducted auto-irrigation scenarios with different threshold of soil water conditions. The field 
capacity (DUL: drained upper limit) was found to be the best threshold (Fig. 2) and at this level the water 
can be saved without reducing the yield. It was also found that the conventional irrigation frequency is 
optimum, but the water volume at each irrigation can be saved by up to 20% (data not shown).  
5．By using the optimized irrigation management, it was estimated by the simulation that the yield could 
be increased while the volume of irrigation water can be maintained at the same or lower level (Fig. 3). 
However, for the field with high infiltration (Farm C) higher yield was attained only with higher 
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irrigation volume, suggesting that the current level of water management might be causing water stress 
to the plants.  
6. For the nitrogen, the yield was proportionally decreased when the N application rate was reduced (data 
not shown). However, the different proportion of split application was tested, and it was found that 
giving higher proportion at earlier stages can increase the nitrogen use efficiency and could reduce the 
N input without affecting yield.  
[How is this output utilized, necessary precaution] 
1. The rice producers who are interested in the use of crop growth model are recommended to contact the 
model user of the FEDEARROZ technical staff first for the technical assistance. It requires not a little 
time and effort to make use of the model. Alternatively, the simplified decision support system 
introduced in this Technical Guide (component 9) can be used.  








[Publications and oral/poster 
presentations] 
1. Takeda N. (2018) Application of 
APSIM-Oryza2000 to slope rice 
fields with contour-levee irrigation 
system in Colombia for efficient 
water use. MSc thesis. Graduate 
School of Agricultural and Life 
Sciences, the University of Tokyo.  
Fig. 1. Comparison between 
simulated yield and observed yield.   
Fig. 2. Grain yield affected by total water input (rain and 
irrigation) at different irrigation trigger. 
Fig. 3. Comparison of afrmers’ 
conventional management and 
optimum management on yield, 
and water budget and water 
productivity. 
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8. Agro-Climatic Map Viewer (AMV) Tool 
 
The Agro-Climatic Map Viewer (web application) was developed to help rice farmers and other 
stakeholders to determine how global climate patterns like the El Niño Southern Oscillation (ENSO) have 
historically affected local agro-climatic conditions across the rice-producing regions in Tolima and Huila 
departments. By using this tool, users will be able to see simple maps to highlight where, when (by crop 
season) and how (level of intensity) the ENSO phases can potentially impact the average conditions of crop 
water requirements, dry and wet spells, heat waves, and rice yields. 
Subtheme : 2. Development of resource-efficient crop management and fertilization strategies at target site. 
Research group:  University of Tokyo :  Kensuke Okada; Camilo Barrios Pérez 
 FEDEARROZ :  Gabriel Garcés Varón 
Contact:  akokada@mail.ecc.u-tokyo.ac.jp; camilobarriosperez@gmail.com 
Key words: climate variability, ENSO, agro-climate indices, rice yield, agricultural decision support tools. 
[Background, purpose] 
Agricultural rice production in Colombia depends on favorable weather. However, in recent years, seasonal 
climate variability and the presence of extreme climate events (such as dry spells, episodes of high 
temperature, erratic rainfall, intensive drought and flash floods) have been affecting agricultural decisions 
and outcomes, resulting in strong detrimental effects on crop yield. The strongest driver of seasonal climate 
variations in the country is called the El Niño Southern Oscillation (ENSO) phenomenon. The ENSO is an 
ocean-atmospheric phenomenon characterized by inter-annual sea surface temperature, surface air pressure 
variability, and atmospheric circulation that occur across the equatorial Pacific Ocean. The phenomenon has 
three phases (El Niño, La Niña, and Neutral) and during every ENSO phase, the weather conditions in the 
rice producing regions vary significantly. Although it has been accepted that ENSO phases are also related 
to agricultural production variability, this information is not yet well documented, nor is it available to help 
rice producers reduce risks associated with climate variability in Colombia. 
Therefore, to start filling this gap of knowledge, we conducted a spatial analysis of the historical impacts of 
ENSO phases (El Niño and La Niña) on the agro-climatic patterns across the Central rice-producing region, 
and quantified their effects on the regional-mean yield anomalies of irrigated-rice. To ensure the practical 
use of the information generated, all findings were subsequently developed into a web-based decision 
support tool called Agro-Climatic Map Viewer (AMV), that rice producer from Tolima and Huila 
departments can use to analyze risk associated with climate variation. 
[Characteristics of the tool] 
The Agro-Climatic Map Viewer is a web-based climate information and decision support system that 
provides a historical look at how El Niño and La Niña phenomenon have affected the local agro-climatic 
conditions and rice crop yield across the Central rice producing region in Colombia. This tool shows maps 
at municipality scales that can be used to highlight where, when (by crop season) and how (level of intensity) 
the ENSO phases can potentially impact the average conditions of a group of agro-climatic indices that 
describe the crop water requirements, dry and wet spells, heat waves, as well as the rice crop yields. 
The AMV web application and its related processing chain can be divided into three parts (Fig. 1): (1) The 
processing of input data (Input in Fig. 1): Long-term meteorological data are acquired. The crop, soil and 
management related parameters for running the crop model are defined. (2) Data processing and modeling 
part (Processing in Fig. 1): The historical climate information is used to generate 16 agro-climatic indices 
grouped into four categories, as shown in Table 1, in order to better represent the link between weather and 
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rice crop growth and to facilitate decision making in agriculture. The spatial analysis of the impacts of 
ENSO phases (El Niño and La Niña) on the agro-climatic patterns across the study region is then applied. 
On the other hand, the Oryza-v3 model is used to simulate, at the spatial level, the historical rice yield 
variability and the impacts of ENSO’s events. (3) Development of web application (Web interface in Fig. 
1): The AMV is a user-friendly and interactive decision support system that allows users for the temporal 
and spatial visualization of historical agro-climatic indices and simulated yield maps, for the growing 
seasons between Apr – Jul and Oct – Jan. Additionally, it allows quantifying anomalies or deviations from 
long-term averages for areas of interest. 
Agro-Climatic Map Viewer was implemented using Shiny, an open-source web application framework 
developed by the RStudio Team to create interactive web applications based on the R Statistical Language. 
Fig. 2 and Fig. 3 shows the main web page of the tool. Its navigation menu includes the following items and 
features: 
    Sidebar menu: Choose whether if you want to see one of the agro-climatic indices group or the 
simulated crop yield. 
 Indices groups: Water balance, Dry spells, Wet spells, Heat waves. 
 Simulated crop yield. 
The default is set to the group of indices related to de crop water balance. 
    Sidebar submenu: Choose the crop season you want to see. 
 First growing season – From April to July 
 Second growing season – From October to January 
    First tab panel: Choose this tab panel if you want to see the historical average condition of the agro-
climatic indices and simulated rice yield. 
    First select box:  Choose the index you want to see. The default shows on the left-hand side, the 
historical average observed (1984 - 2012) of total precipitation, across the study region, during the first 
growing season. 
    Second mapbox: It shows for each year (from 1984 to 2012) the deviation map from the average 
condition. The default shows, on the right-hand side, the deviation map of cumulative precipitation for 1984, 
during the first season. 
    First slider bar: Use this tool to explore, for past years, the spatial patterns of deviation from the 
average condition. During the first growing season, the slider varies from 1984 to 2012, while in the second 
season it varies from 1984 to 2011. 
    Click on your region in the map and a small popup box will appear above the map, displaying brief 
information on the agro-climatic index in the area of interest. 
    Second tab panel: Choose this tab panel if you want to see the spatial patterns of the agro-climatic 
indices as well as the simulated rice yield, under historical conditions of “El Niño” and “La Niña” events. 
    Second select box:  For the variable chosen in the item (4), choose a historical "El Niño" event you 
want to see. The default shows on the left-hand side, the map of the historical average of "El Niño" events. 
    First checkbox group: This checkbox lets you select whether you want to see the map with specific 
values for the selected ENSO event, or the map with deviation from the average condition. 
    Third select box:  For the variable chosen in the item (4), choose a historical "La Niña" event you 
want to see. The default shows, on the right-hand side, the map of the historical average of "La Niña" events. 




























Fig. 2. The main web page of the Agro-Climatic Map Viewer at the first tab panel, where you can see 
the historical average condition of the agro-climatic indices and simulated rice yield. 
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Fig. 3. The main web page of the Agro-Climatic Map Viewer at the second tab panel, where you can see 
the spatial patterns of the agro-climatic indices and simulated rice yield, under historical conditions of “El 
Niño” and “La Niña” events. 
 
Table 1. Indices used to describe different agro-climatic characteristics across the study region. 
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9. Rice Crop Management Decision Tool 
 
The Rice Crop Management Decision Tool was developed to helps users to quantify the effect of agricultural 
management practices on rice crop growth and development, given different environmental conditions. This 
decision support system allows getting simulation outputs from Oryza-v3 model by circumventing data 
processing (pre- and post-), facilitating the practical usage of the crop model for assessing the rice 
performance, considering various “what-if” scenarios under different climate conditions (e.g. very wet, wet, 
normal, dry, very dry) and crop management options (e.g. planting dates, cultivars, fertilizer, and irrigation 
application). 
Subtheme : 2 Development of resource-efficient crop management and fertilization strategies at target site 
Research group:  University of Tokyo : Kensuke Okada; Camilo Barrios Pérez 
FEDEARROZ  :  Gabriel Garcés Varón 
Contact:  akokada@mail.ecc.u-tokyo.ac.jp;  camilobarriosperez@gmail.com 
Key words: Oryza-v3, rice crop modeling, decision support tool, climate-related risks 
Target : rice producers, extension staff, agronomist 
[Background and purposes] 
The climate across Colombia is highly variable and rice producers are required to make critical management 
decisions prior to, and during the cropping season. If they had better tools that provide information that 
complement their experiences and establishes a framework for risk management, they would be better 
equipped to adjust their practices to ensure the best yield possible. In order to fill the gap in this area, 
FEDEARROZ in partnership with CIAT and the University of Tokyo, have been developing a group of 
agricultural decision support resources that help farmers and agricultural advisors examine crop production 
and environmental outcomes of contrasting scenarios of climate and management strategies. 
 
Rice Crop Management Decision Tool is one of the newly developed products, which consists of a web-
based modeling application for supporting the agricultural management of irrigated rice in the Central region 
of Colombia. This tool allows users to quantify the effect of agricultural management practices (e.g. planting 
dates, cultivars, fertilizer, and irrigation application) on crop production and phenology, given different 
environmental conditions (the type of soil and climatic scenario). This resource is intended to improve 
farmer’s resilience to climate variability and support profitability of the rice sector. 
 
[Characteristics of the tool] 
1. This decision support system was developed primarily to help users assess the response of crop yield 
and development to various climate conditions based on climatology, across the rice-growing regions 
of Tolima and Huila departments. This analysis based on climatology is useful for testing the sensitivity 
of possible management actions under diverse climate variability scenarios (very wet, wet, normal, dry, 
very dry). The tool allows getting simulation outputs from ORYZA-v3 model by circumventing data 
processing (pre- and post-), facilitating the practical usage of the crop model to both farmers and farmer 
advisers, for various “what-if” scenarios with different climate conditions and crop management 
options. Moreover, this user-interface also have the advantage of allowing users to make plots (e.g., 
box-plots, bar-plots or cumulative probability curves) comparing the simulation results. 
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2. Rice Crop Management Tool is composed of a main database that store outputs of virtual simulation 
experiments generated by ORYZA-v3 model, and some pre-calculated statistical analysis. The fact of 
using previously simulated and analyzed data allows optimizing and speeding up database access by 
the dynamic applications that make up the tool.  
 
3. Regarding the simulations, these were conducted at a daily step, combining the following information: 
1) Historical climate information (from 1984 to 2013) from 26 weather stations located across the study 
region. 2) Four representative soil profiles (Clay, Loam, Clay Loam, and Sandy Clay Loam). 3) Four 
rice cultivars (Fedearroz 60, Fedearroz 2000, Fedearroz 733, and CT21375) previously calibrated and 
validated into the crop model. 4) Seven irrigation options (Continuous flooding, ADW with 3, 6, 9, 12, 
15, and 18 days after ponded water depletion). 5) Seven doses fertilizer application (60, 100, 140, 180, 
220, 260, and 300 Kg N ha-1), which were applied in five splits: 15 days after emergence (DAE), 24 
DAE, 37 DAE, 50 DAE and 60 DAE. 6) 14 sowing dates defined at 7-day intervals for the first (from 
10 March to 9 June) and the second (from 15 September to 15 December) growing seasons. 
 
4. Rice Crop Management Graphical User Interface (GUI) was developed using Shiny, an open-source 
web application framework developed by the RStudio Team (https://shiny.rstudio.com) to create 
interactive web applications based on the R Statistical Language. It has the flexibility to be updated in 
order to add more functionalities in the future. It can be easily customized to meet specific needs (e.g., 
simulating different cultivar) for climate risk management in other regions. Fig. 1 shows the database 
system and the operation procedures designed to use the Rice Crop Management Decision Tool. The 
first step users must complete is the site selection, followed by the selection of the crop management 
scenarios (Fig. 2). 
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Fig. 1. Rice Crop Management Decision Tool database system and operation process. 




















The Fig. 3 demonstrates how crop management influences the biophysical factors governing rice yields, 
such as the nitrogen fertilization and the sowing dates. Fig. 3a and 3b shows the effect of different nitrogen 
doses and sowing dates (in Julian days) on the crop yield, respectively, for the management options shown 




Site selection: Select a site to analyze (e.g. Ibague).  1 
Soil: Select the type of soil (The number of 
choices depends on the site location). 
 2 
Cultivar: Select the type of cultivar.  3 
Sowing date: Select the sowing date either for 
the first or second growing season. 
 4 
Nitrogen application: Select the amount of 
nitrogen fertilizer you wish to apply. 
 5 
Display output: Select the variables or indexes 
that you want to display in the graphic analysis. 
 6 
Site configuration and crop management 
options 
Fig. 2. Selection of the crop management strategy into The Rice Crop Management Tool for 
the site of Ibagué. 
a) b) 
Fig. 3. Simulated rice grain yield (kg ha
-1
) for the cultivar Fedearroz 60, considering different 
N applications and sowing dates. 
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10. Multiple Inlet Rice Irrigation as a system to increase water use efficiency  
The Multiple Inlet Rice Irrigation (MIRI) is a water conveyance and distribution system using a 
plastic tube (polypipe) with multiple windows that can improve water control in a paddy field by 
reducing irrigation time, water supply (i.e., irrigated amount of water) and water loss during 
conveyance, thereby increasing water use efficiency in a plot. 
Subtheme : 3. Development of water-efficient rice production technologies with new-trait rice genotypes, 
and the water balance evaluation and management at watershed scale 
Research group:  Tokyo University of Agriculture and Technology : Shinji Fukuda  
                 FEDEARROZ : Dario Pineda 
Contact:   shinji-f@cc.tuat.ac.jp   dariopineda@fedearroz.com.co 
Key words: Multiple Inlet Rice Irrigation, system, plastic tube, window, water use efficiency. 
Target : rice producers, extension staff, agronomist 
[Background, purpose] 
The water use efficiency is one of the main indicators of sustainability in irrigated agriculture. Due to the 
low availability of water for rice crop in Colombia and the lack of efficient alternatives in water use, 
FEDEARROZ in cooperation with the SATREPS project has introduced a new irrigation system for 
Colombian rice farmers, which allows for reducing the irrigation water specifically by reducing irrigation 
time. With the improved water distribution in a plot (e.g., timing and uniformity), this technology increases 
the water use efficiency in rice production even under a sloping condition. 
[Content and characteristics of output]  
1. This irrigation system was implemented for the first time in the paddy field in Colombia (Fig 1). 
Windows for water outlet can easily be installed as shown in Fig 2.  
2. This system can reduce water supply (water inlet) and runoff (water outlet) in comparison with 
conventional irrigation system (Figs. 3 and 4). 
3. This system can increase the water use efficiency in irrigated rice (Table 1). 
[How is this output utilized, necessary pre-caution] 
1. For window installation, it is necessary to insert the special tool approximately at 6 to 9 m intervals 
according to the local conditions (e.g., slope, flow rate, soil characteristics, etc.) (Fig 2). The windows 
can control the flow rate of irrigation water by adjusting the degree aperture. 
 
2. In the MIRI system multiple windows can be opened simultaneously, and in many cases it can irrigate 
the plots by sections (Fig 5). Once the soil water content of upper zone closer to the water intake 
reaches saturation (then the starts to flood), the irrigation in this area can be stopped by closing the 
windows of this zone, and then the windows in lower zone can be opened for the subsequent 
irrigation. In this way the runoff and percolation in the upper areas can be minimized, and the 
irrigation water can be used efficiently. 
 
3. The MIRI system can be used to convey water to an area in a plot far from the water inlet, where 
irrigation is difficult because of higher elevation than the bottom of the plot. In general it takes time 
due to lower flow rate and requires a careful preparation of contour ridges to irrigate such a distant 
higher area. The MIRI system can be used as a siphon, reducing the work of water manager to prepare 
contour ridges. 
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4. In the case of care during the operation of irrigation, it is recommended to prevent any kind of 
trampling of the hose that may damage the resistance of the components of the system. For the 
removal of the irrigation system it is necessary to do it once the last irrigation has been completed 
and before the harvest with a combined machine, for this it is recommended initially to loosen the 
tubes of couplings of the ends of the hose and to roll in field by sections, constructing again the rolls 
with the gates. 
 
[Supporting data for the research output] 
 
   





Fig. 2 Window installation in a polypipe for water control (open - close gate) 
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Fig. 4 Water management in CONV system: water inlet, water outlet and precipitation, Piamonte farm, 






Table 1. Grain yield, water supply, precipitation, total water and water productivity obtained in the 



























CONV 4,961 5,172 7,543 12,715 0.39 
MIRI 5,297 2,794 7,543 10,337 0.51 
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Fig. 5 The MIRI system operates simultaneously in most of the windows 
 
 
Fig 6. Water distribution through windows in MIRI system. 
 
 
[Publications and oral/poster presentations] 
1. Darío Pineda, Shinji Fukuda, Naoya Takeda, Lorena Lopez-Galvis and Kensuke Okada (2018) 
Assessing water use efficiency of three irrigation systems for sloping rice paddy in Colombia, in 
PAWEES – INWEPF International Conference 2018, Nara, Japan.   
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11. Implementation of water flow measurment method with water level sensor at 
farm level 
Baro-Diver is a sensor designed to measure barometric pressure and can be used for water level 
measurement also. This method allows for monitoring changes of water level in an open channel, 
Parshall flume, or a small tank. The relationship between water column pressure (i.e., water level) 
and flow rate (e.g., m3/s or l/s) can be used for establishing stage-discharge curves for flow rate. 
Subtheme : 3 Development of water-efficient rice production technologies with new-trait rice genotypes, 
and the water balance evaluation and management at watershed scale. 
Research group:  Tokyo University of Agriculture and Technology : Shinji Fukuda  
             FEDEARROZ : Dario Pineda 
Contact:  shinji-f@cc.tuat.ac.jp   dariopineda@fedearroz.com.co 
Key words: mehod, water flow, Baro-Diver sensor, water level 
Target : rice producers, extension staff, agronomist 
[Background, purpose] 
Water use efficiency is one of the main indicators of sustainability in irrigated agriculture. The water 
management should be designed based on the amount of water use by rice crop (e.g., evapotranspiration, 
infiltration in channels and a plot, etc.). Actually, the Colombian rice farmers have not established any water 
measurement and control systems. It could be one of the main reasons that producers are not aware of the 
water flow rate and water volume used per hectare in their paddy fields, thereby could not make water 
management plans according to water requirement in rice crop.  
[Content and characteristics of output]  
1. Water pressure (cm H2O) and temperature can be measured with Baro-Diver. This sensor was installed 
at the bottom of a Parshall flume or main channel for measuring and recording water pressure at 10 
minute interval (Fig. 1). 
2. After converting water pressure to water level, the relationship between water level (m H2O) and flow 
rate (m3/s) was obtained to estimate the water flow rate in a Parshall flume or a channel. It is necessary 
to establish the stage-discharge curve (Fig. 2) for each of measurement point. If a Parshall flume of the 
same size and dimension is used, the same stage-discharge curve can be used. 
3. Data registred and stored can be converted to calculate water use per hectare (water inlet and water 
outlet) (Fig 3).  
[How is this output utilized, necessary pre-caution] 
1. Baro-Diver should be installed at the bottom of the water vertically. This sensor should be fixed in 
Parshall flume or channel (e.g., PVC tube for small flows or steel tube to be anchored on a channel 
wall) (Fig 4). The Baro-Diver sensor must be installed in a subcritical flow.  
2. For barometric compensation it is necessary to install a second Baro-Diver sensor at an approximate 
height of 2 m to measure the atmospheric pressure, because the submerged Baro-Diver sensor  
measures the absolute pressure (i.e., water pressure + atmospheric pressure).  
3. It is recommended to check the conditions of the Baro-Diver sensor frequently. Its orifice (sensor) 
should be clean of sediments to ensure the passage of water through this part. 
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Fig. 3. Water volume at the inlet and outlet to calculate water use per hectare in a paddy field. 
 
 
              
Fig. 4. Baro-Diver sensor (a) and installation in a channel (b) and a Parshall flume (c)  
Fig. 1.Water pressure (cm H2O) and water temperature obtained 
from Baro-Diver sensor 
Fig. 2. Stage-discharge curve 
showing the relationship between 
water level (m) and flow rate (m3/s). 
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12. Decision support for reservoir site identification using multicriteria analysis  
This guide explains the details of a flexible protocol to assess the potentiality of any site in a 
selected region for harvesting water runoff by water reservoir construction. The method uses 
freely available tools on the internet and incorporates reliable biophysical and socioeconomic data 
for the first step assessment prior to the detailed engineering studies. 
Subtheme : 3. Development of water-efficient rice production technologies with new-trait rice genotypes, 
and the water balance evaluation and management at watershed scale 
Research group : UNIVALLE : Jorge Rubiano 
FEDEARROZ : Darío Pineda  
FLAR : Santiago Jaramillo 
Contact :   Jorge.rubiano@correounivalle.edu.co 
Key words : water reservoir allocation, irrigation, watershed planning, paddy rice 
[Background, purpose] 
The central area for rice production in Colombia faces a high risk of water scarcity due to climate change 
effect. Water availability will be less than a third accordingly to IPCC model estimations. Rainfall patterns 
force farmers to cultivate under high uncertainty, that motives them to consider building water reservoirs 
in strategic locations. Identifying appropriate location of these reservoirs is a complex and multisectoral 
decision. The purpose of this guide is to provide farmers and technicians with sound elements to attain the 
selection of potential sites that fulfill a wide range of conditions. The guide presents the use of detailed 
geographical information under a multicriteria decision framework that helps in site identification. 
[Content and characteristics of output] 
1. This guide fills the gap in the implementation of water reservoirs, providing a process supporting the 
preliminary steps needed before design and construction of reservoirs. 
2. The guide suggests the use of data freely accessible from recognized national and international data 
sources. 
3. The tools involved in the processing of the data are all free, and documented and technically supported. 
4. The proposed guide allows the integration of dispersed visions regarding priorities and conditions in the 
selection of potential sites for reservoirs construction. 
5. The method suggested is flexible enough to allow the incorporation of social, environmental and 
economical indicators needed for taking a sound decision. 
6. The generated potential sites for reservoirs are shown in a cartographic mode allowing easy 
visualization and contrast with the spatial context. 
[How is this output utilized, necessary precaution] 
1. For the implementation of the guide, the support of a technical staff with sound basis in the use of 
geographical information systems is necessary. 
2. For accessing and downloading hydrological data, login into WaterWorld free licensed site is needed. 
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3. For the processing of information, downloading the multicriteria analysis tool from the designated site 
is needed.  
4. Data preparation and integration could be made by portable PC with medium requirements. 
5. The weighting of criteria should be made in an open discussion by participating actors. 
6. The obtained results should be validated on the ground in order to comply with legal issues and land 
owners private rights. 
 
Supporting data for the research output 






Water balance mm/hr 1 ha Mulligan & Burke [22]. 
Runoff mm/hr 1 ha Mulligan & Burke [22]. 
Texture  30 mts Hengl et al [32]. 
Morphology  90 mts Jarvis et al [33]. 
Climate change impact on the water balance mm/yr 1 ha Mulligan & Burke [22]. 
Climate change impact on runoff mm/yr 1 ha Mulligan & Burke [22]. 
Social 
Gini index   IGAC [34]. 
Education and rural human capital Fraction  IGAC [25]. 
Savings capacity %  IGAC [25]. 
Water contamination % 1 ha Mulligan & Burke [22]. 
Unsatisfied basic needs (UBN) %  IGAC [25]. 
Crop 
Precipitation mm 1 ha Mulligan & Burke [22]. 
Altitude masl 90 mts Jarvis et al [33]. 
Texture  30 mts Hengl et al [32]. 
Presence of crops   
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Fig. 1. MCASS data shell integration showing relationships built with data of Table 1. 
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Fig. 2. Potential reservoirs according to five different visions for the Tolima rice production area 
 
 
[Publications and oral/poster presentations] 
1. Rubiano J., Hidrobo A., Rubiano C., Pineda D. and Jaramillo S. (2018). Looking for water for rice 
production at watershed scale. SATREPS Rice Project Scientific Symposium “Development and 
Adoption of Latin American Low-input Rice Production System through Genetic Improvement and 
Advanced Field-management Technologies” Venue: Tropic Conference Room, CIAT, Time & Date: 
08:00-17:00, November 9th, 2018, Cali, Colombia (Oral Presentation) 
2. Rubiano J., Hidrobo A., Rubiano C., Pineda D. and Jaramillo S. (2018) Local and regional multisector 
identification of water reservoirs for rice production in Colombia. PAWEES – INWEPF International 
Conference Nara 2018, November 20-22, 2018 Nara Kasugano International Forum, Japan. 
(Conference Proceedings and Oral Presentation) 
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13. Development of distributed long-term rainfall-runoff model at the watershed-
scale to assess the water-saving effects of irrigation and rice farming 
A distributed long-term rainfall-runoff model was developed, and the scenario analyses were 
conducted to evaluate the effects at the watershed-scale for introducing water-saving irrigation and 
a new water-saving genotype of rice in Ibague watershed, Colombia. 
Subtheme : 3 Development of water-efficient rice production technologies with new-trait rice genotypes, 
and the water balance evaluation and management at watershed scale 
Research group:  Kyushu University : Kazuaki Hiramatsu and Makoto Fukui 
Tokyo University of Agriculture and Technology : Shinji Fukuda 
FEDEARROZ : Dario Pineda 
Contact:   shinji-f@cc.tuat.ac.jp,  hiramatsu@bpes.kyushu-u.ac.jp,  dariopineda@fedearroz.com.co 
Key words:  grid-based distributed hydrologic model, watershed-scale water balance, tank model, water-
saving irrigation 
[Background, purpose] 
Paddy plots in Ibague watershed are wider and steeper compared to those in Japan. Therefore, many contour 
ridges are constructed in a plot, and irrigation water is stored between the ridges to keep ponding water and 
irrigate the entire plot with overland flows. Farmers are highly motivated for water-saving to cope with 
limited water resources available for rice production. In this study, we developed a distributed long-term 
rainfall-runoff model for scenario analyses to evaluate the effects of water-saving methods at watershed 
scale. 
[Content and characteristics of output] 
1. Digital elevation model and land use map of Ibague watershed are shown in Figs. 1–2. Ibague 
watershed has an area of 1,439 km2. The runoff water flows into Magdalena River that is running at an 
eastern edge of the watershed. 
2. A distributed long-term rainfall-runoff model with a mesh size of 4.5 km was developed to evaluate 
water balance at watershed scale. As in the conceptual figure of the model (Fig. 3), all mesh elements 
consist of a forest, a paddy, an upland field, an urban area and a river, that are proportional to the area 
in a mesh. A set of tank models for each land use was developed for which a groundwater tank 
covering the entire watershed area was incorporated to represent the stable groundwater component. 
3. Irrigation water management was considered in the paddy tank model based on the field experiments 
in a SATREPS farm in Ibague (Fig. 4) and interviews to the farmers. 
4. The scenario analyses for a water-saving method were conducted by using the developed model. 
Scenario SCBase: Current irrigation management (5- or 6-day interval irrigation) and rice farming. 
Scenario SCES: Introduction of early stopping irrigation method that aims at reducing excess irrigation 
in a plot. 
Scenarios SC01, SC02, SC03: Prolonged irrigation intervals (one-, two- and three-day, respectively) by 
assuming the introduction of new water-saving methods such as new breeding line, 
early stopping irrigation method, and multiple inlet rice irrigation (MIRI). 
5. The results of the scenario analyses are shown in Fig. 5. The scenarios SCES, SC01, SC02 and SC03 
resulted in water saving effects of 40.6 mm, 128.6 mm, 249.5 mm and 329.0 mm from the baseline 
scenario SCBase, respectively. 
[How is this output utilized, necessary precaution] 
Scenario analysis on early stopping irrigation method (SCES) resulted in 7.5 % water-saving as compared to the 
conventional irrigation method (SCBase). In the scenarios SC01, SC02, SC03, water-saving effects were found to be 
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23.8 %, 46.3 % and 61.0 % from the baseline scenario SCBase, respectively. Additional information from field 
experiments on water saving effects at plot level can improve simulations using the hydrologic model. 
[Supporting data for the research output] 
[Publications and oral/poster presentations] 
1. Fukui M., Hiramatsu K., Harada M., Tabata T. and Fukuda S. (2018) Development of long-term runoff 
model and scenario analyses for water-saving irrigation in the South American Watershed, Proceedings 
of the 2018 Ann. Conf. of Kyushu-Okinawa Branch of the Jap. Soc. Irrig., Drainage and Rural 
Engineering, pp.22-23, Kumamoto Japan, October 2018 (in Japanese) 
2. Fukui M. (2018) Development of distributed long-term runoff model and scenario analyses in the South 
American Watershed. Graduation Thesis, School of Agr., Kyushu University, pp.1-60, Feb. 2018 (in Japanese)  
Fig. 1 Digital elevation model of Ibague watershed. 
(http://www.diva-gis.org/gdata) 
Fig. 2 Land use map of Ibague watershed. 
(http://forobs.jrc.ec.europa.eu/products/glc2000/data_access.php) 
Fig. 3 A distributed long-term rainfall-runoff model. 
Fig. 4 Irrigation measurement in a field experiment. Fig. 5 Cumulative irrigation water in a year. 







































fig. Cumulative irrigation water
SCBase : 539.4 mm
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14. Precision management strategy and practices in rice field 
Subtheme : 4. Outreach and technology transfer of community-based precision agriculture  
Research group:  
Tokyo University of Agriculture and Technology : 
Sakae Shibusawa, Seishu Tojo, Tadashi Chosa, Megumi Yamashita, Kenichi Tatsumi, 
Masakazu Kodaira, Hui Li, Qichen Li 
Kyushu University: 
Teruaki Nanseki, Shoichi Ito, Yosuke Chomei, Winston Marte, Aya Yoshii, Khoy Rada, 
Ho Van Bac, Alwarritzi Widya, Toshihiro Butta, Shuichi Yokota, Shoichi Fukuhara, 
Katsuya Takasaki 
FEDEARROZ: Nilson Ibarra, Ximena Blanco Rodriguez, Juan Sebastian Gambin, Felix Andres 
Arango Castro, Felix Thomas Arango Castro, Nicolas Laserna, Olga Higuera 
Contact:  sshibu@cc.tuat.ac.jp, nanseki@agr.kyushu-u.ac.jp, nilsonalfonsoibarra@fedearroz.com.co 
Key words: precision agriculture, precision management, soil mapping, technology transfer, NoshoNavi  
 
[Background, purpose] 
Precision agriculture is a management strategy incorporating field variability data in high spatial and 
temporal resolution, to help decision making in cropping practices, using smart technology. The 
community-based precision agriculture is a regional farming system to attain high profitability and 
reliability under regional and environmental constraints, promoted by wisdom of farmers and technology 
platform, through creating both information-oriented fields and information-added products, with supply 
chain management of field to table. Community-based precision agriculture is a best approach to transfer 
the new technologies into the community of farmers, which subtheme 4 of the project has focused on. 
The targets of the project were: 
1) Introducing the concept of precision agriculture and its thinking way of farm management,  
2) Implementation of field soil sensing, mapping, and interpretation of field maps,  
3) Sharing skills and knowledge on farmer-to-farmer transfer scheme, working with farmers as a 
research partner. 
 
[Content and characteristics of output] 
1. A portable soil sensor FieldSpec and a DGPS device were introduced. Soil samples with location data 
were collected from fields, and then soil analysis and soil spectral measurement were conducted, and 
then calibration models were determined for soil parameters prediction, followed by drawing soil 
















2. Colombian counterparts learned the 4 levels of management strategy such as mapping, map 
understanding, decision making, and work evaluation through participation in capacity building in Japan. 
The participating researchers understood that farmer’s participation is the key for the interpretation of 




Collecting soil samples with 
location data in the field. 
Collecting soil spectra with 
FieldSpec device in the lab. 
Field maps of yield, moisture 
and nitrogen generated. 
Workshop for understanding the 
variability of soil and yield maps. 
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3. Every-year exchange opportunities have been provided to share the experiences of expert farmers who 
participated in the NoshoNavi project in Japan. In 2017, NoShoNavi professional farmers visited 
FEDEARROZ and had workshop, followed by confirming to transfer the farmers’ experience such as 
market-oriented management spirit and ICT uses availability. Many Colombian farmers joined the 
workshop and realized the ideas Japanese farmers developed. Two Manuals for technology transfer were 
made based on collaborations between two countries and NoShoNavi project as well as technology transfer 
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4. Every year exchange opportunities were provided between the Colombian counterparts and the expert 
farmers of NoshoNavi company in Japan to share their experiences. And thus the horizontal and vertical 
technology transfer systems were developed. In 2017 NoShoNavi directors of professional farmers 
visited FEDEARROZ to have a workshop on paddy farm management, and confirmed the experience 
of target farmers such as spirits of market-oriented management or availability of ICT devices use. More 
than thirty Colombian farmers joined the workshop and they started to introduce precision agriculture 
in their farms. 
 
[How is this output utilized, necessary precaution] 
Reading and understanding the results of this study is the first step. For example, two Manuals for 
technology transfer were published based on NoShoNavi project and survey results. A manual “Guide for 
practitioners of precision agriculture using FieldSpec spectrophotometer” was also complied. Document 
on AMTEC ver. 2 includes many achievements of SATREPS projects. The second step is to participate in 
the training on soil mapping techniques, and focus-group-discussion or subject-oriented workshop, which 
are effective to utilize the output. 
 
[Publications and oral/poster presentations] 
1. Shibusawa S, Precision Management Strategy on Soil Mapping. Proceedings of 14th ICPA, Montreal, 
Canada. June 24-27, Montreal, Canada. 
2. Alwarritzi W., Nanseki T., Chomei Y., Blanco-Rodrigues X. E.A., Marte W., Khoy R. (2017) Farmers’ 
perceptions on agricultural technical service and its determinants in Colombia -A case study of 
Fedearroz service in Ibague Province-, Journal of the Faculty of Agriculture, Kyushu University, 62, 
(1):237-244. Print Identifier: 0023-6152 
3. Khoy R., Nanseki T., Chomei Y., Blanco X. E.A., MAarte W., Alwarritzi W. (2017) Analysis of 
demands for farming technologies and appropriate transfer methods of rice farmers in Ibague, Tolima, 
Colombia. Journal of the Faculty of Agriculture, Kyushu University, 62, (1):245-253. Print Identifier: 
0023-6152 
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List of developed manuals 
ST Title Lan 
-guage 
Target Person in 
charge 
1 Guía Práctica para Fenotípico de Raíces de 





1 Procedimientos de Operación Estándar 
(including Check List - s1000)  
SP Pilot M. 
Valencia 
1 User manual for line core sampler to collect rice 
roots in field condition, and procedure for 
washing and scanning of roots and their 





1 User manual for construction of raised beds for 
evaluation of rice genotypes with different roots 





2 Scenario analysis Decision support system SP Researcher, 
Technician 
K. Okada 
2&3 Guía para el Manejo de Equipo E-tape SP Researcher, 
Technician 
D. Pineda 
2&3 Guía para el Manejo de Equipo TDR – Manual SP Researcher, 
Technician 
D. Pineda 
2&3 Guía para el Manejo de Equipo-Baro Diver SP Researcher, 
Technician 
D. Pineda 
2&3 Manual DECAGON SP Researcher, 
Technician 
D. Pineda 









4 SATREPS Seminario Sobre Transferencia de 










4 Paso a Paso para la Creación de Mapas de 




4 Unscramble manual SP Researcher, 
Technician 
N. Ibarra 
































































   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
